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Abstract: Four strains of yeast, namely BR 20, BR 25, BR 26 and BR 30, with preferable values for initial fermentation capacity,
alcohol-producing ability, and fermentation performance were isolated from the main fermentation broth, yeast starter culture as well as from
industrial units in the Shanghai area producing yellow rice wine. These four strains were identified a Saccharomyces cerevisiae by 5.8S
rDNA-ITS sequence analysis. These four strains were analyzed in terms of tolerance to high concentrations of ethanol, sugar, and lactic acid &
well as high asmotic pressure. The results showed that not only could the BR 20 and BR 30 strains withstand 18% alcohol concentration, but
they could also adaptto high asmotic pressures of up to 1.6 mol/L. Onthe other hand, BR 20 and BR 26 stains had preferable growth capacity in
the presence of high content of lactic acid, up to 54 g/L, while BR 30 strain showed highest tolerance to sugar, at 40% concentration. Thus, BR
20 and BR 30 strains showed highest resistance to stress and were chosen for further experiments. Comparison of the fermentation efficiency of
BR 20 and BR 30 strains showed that the average substrate utilization rate of BR 20 strain was 1.67% higher than that of the BR 30 strain, and
the average ethanol yield of BR 20 strain was 6.76% higher than that of the BR 30 strain. Thus, the use of the BR 20 and BR 30 strains as hybrid
strains for wine fermentation fromyellow rice will reduce fermentation time, improve the utilization of raw materials, and increase alcoholyield.
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RN TR A TR A
1.1.2 ¥EHRE

YPD IffiRkEgRdk: &N 20 g/L, MERHR 10
o/L, FH M 20 g/L, BifiE 2%. T 115 'C N K 20 min,
AEEH .

TTC TEHFRME: YPD Bifilghs 7kt .

TTC LE#9%3E: TTC 05 g/L, #i%iFE5 g/L,

262

Bl 2%.

FlFREFREL: F&THE 20 g/L, FERREHRY 10 g/L,
HAM 20 g/L. T 115 ‘CF K& 20 min, AHE&H .

TR I IR . U B A S T R
Tk, JHEBERE Y 159, J33% 100 mL T 250 mL
=N, 115 CFK# 20 min, #HfE4H.
113 EEZMBERE

3-18K BB L, 1 sigma Aw]; PB-10 3 &% 7Y
pH i1, 4 [ Sartorius A ] ; AHEIE{X 7820A, Agilent
AF]; Gel Doc XR+EERMAZL 741, Bio-Rad AF];
S1000PCR 1%, Bio-Rad A
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FREE, 414 100 mL AN [FIRERE [k #5581 250 mL =
A, 115 “C K 20 min, ¥ EE 20BN 2%H) %
1b®ERE, DL 140 r/min T 28 CRERIG IR 48 h, 4R )G
W5 BRI BERIRIE , AR RAE iR X =
JEE W (i 52
1.2.7  FUBRGT M

1] YPD HEFrFEd N —e s LR, fFHK
J£74 54 g/L, HX 100 mL & FLERH YPD 577 55T 250
mL =i, 115 ‘CKE 20 min, AEESHFEA
2% I ALEERE, DL 140 rimin T 28 ‘CHEIR % 9% 48 h,
S5 I e B R R AR B, DA ROIR DR AE R
Xof 1 TR FEE LR T 21
1.2.8 Bk EAT S M

1] YPD 53R EEA AR R E AEAesy,
W 4359 1.0 mol/L. 1.2 mol/L. 1.4 mol/L. 1.6 mol/L.
1.8 mol/L 1 2.0 mol/L, 43712 100 mL A [RISALEAHK
() YPD B335 5T 250 mL =, 115 CK I 20
min. G BN 2% BERERT-, L 140 r/min
T 28 CHEIKRRE % 48 h, 45 45 Il E PR 1) ODeoo 18 »
[ B it — Bl S5 48 K IR TR N 2 U R

13 HTER

WAE 22 ok, $RECEF 21 DNA, JfFAI{E PCR
T34 () DNA R . rDNA-ITS F¢ 51 88 DL A2 B
15 ¥~ 1ITS1(5-TCCGTAGGTGAACCTGCGG-3")
1 1ITS4(5 -TCCTCCGCTTATTGATATGC-3)® i I-
AT A THEEARGRAFEGH. PCR KA FH

(20 uL): ddH,0 13.0 uL, 10x%Taq Buffer 20 uL, I
WEg1 ¥ (20 uM) 0.5 pl, R4 (20uM) 0.5 L,
Mg”* (25 mmol/L) 1.5uL, dNTP (10 mmol/L) 0.5 uL,
Taq DNA B4 (5 U/L) 1.0 L, BAT 1.0pl. KM%
4:°4:94 °C 5min; 94 °C 30s, 55 “C 1 min, 72 °C 1 min,
35cycles; 72 °C 10 min.

LA A7 77 %

1.4.1 EWRIRE &M

HY 10 mL B A8 33, 3000 r/min 5.0 3 min J5,
L JE WAL 1000 r/min &40 10 min, {3125 FiE
L, viEY (R T 105 CHTEHE G E.
1.4.2 EJRAER GG ME

DL 3,5-h i /KA B I T s S b ik
.
1.4.3 K BERERE M

Z R e N RIL FFbr#E GBIT13662-
2008, % NaOH 440 ik

1.4.4 EAF SN

K FH Agilent GC 7820A S AR BEAY DL 1-HEE(E N
PR B AT R RS S . il 4k A B4l
EH: HP-5 (30 m>320 mm>0.25 um, Agilent), &l #3
N FID, #&AEH 250 °C; #EFENIRE 200 °C; 2P F+
BEAF: EMHIEE 40 C, fRFF Lmin, J5LL5 ‘C/min
TR ZT 22 80 °C, fRFF 1 min, F£LL20 “C/min
R 2T 28 180 C; HAAMAE S, A 2.5
mL/min, Z/SE A 40 mU/min, 250N 400
mL/min, EWiEN 20 mUmin; it 10:1, HEFE
= 0.5l

15 HAEoHr
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Fig.1 Fermentation rate cune (n=3)

TR B Al 153 24 BRI REE , 20 PR sk
505 TTC AR 0 S, PRkt [IVNVE N P &R A
FTTC R IRA AR, A3 9 BRIFREE,
HEAT KRR E, 2R WK 1o BREAE s
23K I CO, 40 2k B SRR TR BB MR IR I fie /) PR T
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R G5 BR 30 H ;s BR 20 F1 BR 25 B KR K
MFfe /i, BR 25 BRI ECAG K RE /I 58T BR 20
WPR, J5 K EERE JJETRSIK T BR 25 fk. BR 20
PRI ZFEE 30,58 g/100 mL 5 5 £ 0.15 ¢/100
mL 24 9 PR B i s, (HAR YR 15—/ BR 24,
BR 28 A1 BR 30 Btk IR HFEE R 73, {H BR 24 F
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BR 28 WK KFEVERE S5 RAE 1— M. W& BR
=1 BEEAIHER (n=3)

Table 1 Preliminaryscreening result of yeast strains (n=3)

20. BR 25. BR 26 fll BR 30 @kt 1T18— B 5% .

- 7= AR o TaTc CO, ; % M%f&a B AFLER ﬁﬁ?ﬁﬁ&i TEEHE
a/h EACH 2/ it) /(g/100 mL) JRHEZ L) /(9/100 mL)

BR 20 12 ot e 10.3740.14 0.1520.02 0.19240.02 30.580.02
BR 24 24 ++t R 9.9640.31 0.1440.03 0.17420.02 27.394001
BR 25 12 et R 10.460.22 0.1340.01 0.20440.03 22584001
BR 26 12 ot R 10.6240.23 0.1440.03 0.19240.02 28.7940.02
BR 28 24 +++ wix 9.7640.26 0.1340.04 0.17820.02 28.7940.03
BR 29 12 +Ht e 9.25:0.18 0.1440.03 0.198+001 22.99+0.02
BR 30 8 ot e 11.4140.19 0.1520.02 0.18620.03 27.784001
BR 41 12 e i 9.7240.21 0.1440.01 0.21240.02 25.1140.03
BR 42 18 - o 9.7440.28 0.1540.03 0.23620.02 23.284003

Er e RTARDE ARBAR T R RKAVE A 314 AR,

22 HFERER

B T D RB R R Z R, b4
RNA JE K] (1 A 5 S5 A1 B DX B 4 ) 32 1 1 FH TR B
PR 555 . IR IkSS G153 311) BR 20,
BR 25.BR 26 1 BR 30 [ k175 K141 DNA FIHEEY,
fEF 5190 ITSINTSA X Bk 4 BREEHREAT Y, Bk
KSR 2. Hib BR 20 5 BR 25 Bkk R 174
W BR 26 F1 BR 30 Witk =y, 4 PRI ) PCR 4734 7=
YR BEK /N R 700 bp, 5 1TS BARFHIK E—SL.
Fy G e AT Y, RIS BLAST 442 NCBI
IR, SRS FR B R R AR TS 7
%], HiE BR 20, BR 25. BR 26 Al BR 30 Fkk%I R
/% £} (Saccharomyces cerevisiae) .
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2 B REELFELE POR Fo49)RYRE SKIE S
Fig.2 Hectrophoresis of yeast genome polymerase chain
reaction(PCR) products
Note: M: maker; 1: BR 20strain; 2: BR 25 strain; 3: BR 26strain;
4: BR 30 strain.
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2.3.1 B AT

T 5 R BRI, R R S E ] S A
15% M LA b, RS S BN SR, S B A0
AR TR RS Fo e o TR, B HR Y A2 ik
JEE VPR P T I BTk DA B 071 3 7 A A [R] f R % - 4
PRI BEXT ANRNPRE IR BE B 5245 SRansk 2. vl %0, Bl
H R IR PR & RN, AR IONE A R
B EIRTR o TETEREIREE N 16%K0), BR 26 Rk M)
FEE/NVE WEAET SIS, BR 25 BARTE TG IR K
T 16%0} {5114 BR 20 Al BR 30 kAT Y 5% 18%
IR REIAR B o I P — 2223 MR 1) [ 1B LA S 2 %
B R AT BIVE 2RI B A S R, PR i
SR BEERAE 12%~16%2 (AP, i S2 AR R I A
BHAE . A P R ch i 1 OB A B B 8
LUEIEE, £ 30 CHIAIT 52 19%V8 K B k-

& 2 TEEBHBRETZ M (n=3)
Table 2 Alcohol tolerance of different yeaststrains
3 7 A B AR R %

By 10 12 14 16 18
BR20  ++++ +++ ++ ++ +
BR25  ++++ ++ + +
BR 26 ++++ ++ + -

BR30  ++++ ++ ++ + +

E b RTARDE R AB AR, e AT
WNE R 38 AR, 4 RTARRAE AR LR AR 47
TARNERA UAAAK; 7 RTHRAE ALK,
232 GBS

PRI EA XL KR IR, RIFEAN K
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BEFEATHEAT, BRI IR S AT 15%~20%, DA 2t
KT FHIRS S (e 329 LA L, (NI iy 2% T
BRI — E R Ea b, SR (A K. |
Pl 3 AT, Bl S FRAE R L3, SR BERE
BB ARRIFBENME . BR 20 HFkBEE HHK B 18
Tn, R AR EE eI N vk b, FERE IR ERER N
30%I0, BRI IARK 3.03 g/L, FIH T A K
R TERERR LA 40%0, FEfRAK 23— fERE
0], BAAKIE RN 2.36 glL, BN SR R 2t —
;. BR 25 F1 BR 26 TR AR & HE IR FE 3G 0, sk
JEE T2 A AR, 2 AR S AR P A R PR
TEREREE S 20%0T, ARG, BRI 2
2.88 g/L A1 2.85 g/L, TENEA N 40%HT, BRI 4
BN L7 g/l 1168 g/L, A KEBEIA RIRTT, X b
(i 2R ;s BR 30 BEARBES WER LI, k)
BRI AT N, TERRAR N 409%H,  TEAARIRIZIA
B KMH 2.53 g/L, X EbE N 5268 1. B B
FrEE R E AR AL, R B AR KR AL s 5
SRR RIS BT 7 4 A —FL

4- O 20% Kk &
E30%HE
=) W 40% K 5
=37 Ea =
=
%2
i)
1‘*
B
0="BR20  BR2S BR26  BR30
[l

3 TNEEF S SHETIZEES (n=3)
Fig.3 Tolerance of different yeast strains (n = 3) tohigh sugar
conecentrations

2.3.3 FLBRWT A HT

PR WDYREE B, BT, I RRAIFLAR
FRRRE A, IR R S, (HFLUIR 28l
AN A SRR [, i 3 R IR LR AT
WA BT K, FUIRAKSIEIN, (HHEE NS .
FURR PR BB IR L, AR RAE K B HIH],
HNAT SRR B FE I O AR R R SRR
T, HFUIR 2 0 B ™ A — e AR B B AR
F o ARSI FH e v B2 LR 25 NI B AR A ORPR A
T R AL 2 0, S5 RNk 4 iR, BR 25
1 BR 30 BRI AR K52 21 i W B2 LR 15 24
AR BEAN A 0.09 g/L 1 0.08 g/L; BR 20 B #52 FLER )
HHIFREE )y, BR 26 AKX Z: BR 20 1 BR 26
PR e FEFL IR I T3y O v, T AR P2 93]

49 1.33g/L #10.93 g/L.

1.5
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2
P 09
¥
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22y
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4 FEEEEFBETZ N (n=3)
Fig.4 Tolerance of different yeast strains (n = 3) tolacticacid

234 ZHEEEGZ ST

T A FHIR HHORK R K Bl 12 /24, R
M TIBAE IR IS, #2088 TR it 32 SR A E R Y)
B, =@ R AR K, TSN, R
A (R ISR S — L0 20 A T VR S N Y
BE— BRI R AR R ) . R 3 WA, EBE
X EEREA A BAA W2 BRI ER . SALENIREES 1.0
mol/L I, & B MYy B R AFH A KRB 7ESUL
BAVR EAE 1.2~1.6 mol/L JEIEIN, miZiE xS BR 20,
BR 26 A1 BR 30 B AR IHIAEFTZGm, =4 &4
IRIEZ N 1.6 molL i, =#RBIReAEAC, X HBE R %%
PR S Z2 AR s BRI E Dy 1.8 mol/L I Ty
WAARBITGIEA K. 593 X BR 25 Bk A 4R H
BN, 7E 1.4 mol/L fSALENREES TP oA
Ko SMOEH RIS T PR 3 BRI
T FHIERE AT 52 1.8 mol/L (VB I, A AL 58
TSR I BE R BB AP 2 B IS ke . &R
OO Su i B OV ol P TP RER R 2B IR 1
PR LA S NGRS it P T BED PRIEA TN 320538
R AT 5, R 230 12645 2 f s e B R REmY 52 1.0
mol/L~1.2 mol/L (5% &, $2T1I5E Ik /7, BERLi
PREJAER 232 317 B A

7 3 NREISNHRE TEERFE KA 0Doo (n=3)
Table 30Dgy0f yeast strains with different concentrations of

sodium chlorice
" 3P 4R E (mol/L)
" 1 1.2 14 1.6 18 2

BR20 1.3440.01 1.1040.02 0.5440.02 0.2540.01 -
BR25 1.154#0.02 0.56+0.02 0.006+.01

BR26 1.3740.03 0.9440.03 0.54#0.01 0.24#0.01 -
BR30 1.3440.02 1.02#40.01 0.66#0.02 0.26#0.01 -

A0 RTEARAEK.
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100 - -=BR20OWTHS =%
-&- BRIOIWHEF=
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180
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2 {20
Y24 36 a8 e 712 s
JEER (i) / h
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Fig.5 Comparison of fermentati on efficiency between BR 20 and
BR 30 strains (n = 3)

BR 20 11 BR 30 W&tk Al 5 18% )i FE, Xf 1.6
mol/L Ei %R AR AFIER %, BR 20 #1BR 30
PR3 BITE 54 /L 1IFLERIR 5 FH 400005 IR 2% T RA
BHUFAE KRS, MR 25 AP RE BT 1) BR
20 £ BR 30 Witk HAT AR 2.5 P =2 o tfr, 25
REBE 5, fERBYI 24 h N, BR 20 Wbk
JEPIHIAI R =T BR 30 Hifk, M 36hJ5, BR20
Pk 41.93%01 AL % T BR 30 1 & 31.87%[F K
IR RZ; R AE R AL, H%E84h 5, BR 20
BRI Pk 98.47%I1) ferm IR 246 44T BR 30 BRI bk
98% 1) dx i KWL . 7E 0~84 h P4, BR 20 kT
PR F 6% =T BR30 [ #%; BR 20 F1 BR 30 Ffk
[P RE = A 0~48 h WHERPUEIEIN; BR 20 BEARTE
48~72 h IR RE= FE G KR FOR RIS, 7E 72 h
I IA 3l K 2R 55.88%, 1M BR 30 B MR K P~ 7E
48 hJ5 S FREa%s, 1 48 hikBIH A% 50.03% .
BR 20 BPRMIEFI A ZEL BR 30 B3 t
1.67%, BR 20 BEHKHPIAS ™25 BR 30 Witk-1-m
! 5.76%.

3 g

MAEEIERE J1. PAAGRE IR RERE RS R
RSN FAS RIF A LR T Pads e 2 I R A
PR B BRI Tl B BB IR . W RERR
(1) R TG RERE R 2 B A9 21 4 Rl e
FEB KRR AN IR RE BT (1) BR 20, BR 25, BR 26
H1BR 30 B R} #ibk. 4 5.85 IDNAITS I F50 4T, %
SE 7 BRI ATS) 4 PRV BRIB % RE (Saccharomyces
cerevisiae) TS 4 MR XS B B LB RrpiAR B
R LR EBIE IR (W 52, B 24T gE T 52
18%FI S EE , % 1.6 mol/L /& 1% AT BT (e o
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PE, LEAHEPEEER ) BR 20 11 BR 30 Wik, K
J15 03 HT 45 TR BR 20 T YR 1% % BR 30
B R TR 1.67%, BR 20 HFR 1 2B 3 4% BR 30
BT i 5.76%. A, BR 20 Bk BA BT
VIR R, H R REA S T BR 30 Bk, &
okE, BR 20 il BR 30 HE R EAR ML, KM fE
UF, FPHEAERE 5k, BAA RIGPUS RS, (EARA
REEVER, ARSI A P e AT 4R R TR ) e iR
BRI B il . £ H RRmtsed, @i
A BRI R PERE 2 R I B AR TR Rl ey, Ko
PRI PR E— D8, I A ol AT i
RELEATRPRSE IR R SR IR AR, 32 s TR
{0 AE P2 AR TR

N
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